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Introduction

The N-N interaction is conventionally ex-
plained by the exchange of various mesons
[1, 2]. With the advent of QCD, and its ac-
ceptance as the theory of strong interaction,
attempts have been made since 1980’s to ex-
plain the N-N interaction from QCD[3].

The basic aim of the present investigation is
to make a detailed study of the contribution of
the One - Gluon Exchange Potential (OGEP),
Instanton Induced Interaction (III) and One -
Pion Exchange Potential (OPEP) to the N-N
adiabatic potential to the 1S0 and 3S1 states
in the framework of Non - Relativisic Quark
Model (NRQM) using the Resonating Group
Method (RGM).

Theoretical Model

The full Hamiltonian used in the investiga-
tion is[3],

H = K + Vint + VConf −KCM (1)

where K is the kinetic energy, Vint is the in-
teraction potential term and VConf is the har-
monic confinement potential and KCM is the
kinetic energy of the centre of mass. The inter-
action potential includes OGEP, OPEP and
III. The III potential in SU(2) NRQM is given
by
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In the above expressions, λi and λj are the
generators of the color SU(3) group for the ith

and the jth quark, σi is the Pauli spin operator
W is the strength of III potential and ac is the
confinement strength[4].

Results and Discussion

The parameters used in the model are listed
in table I.
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FIG. 1: Adiabatic direct and exchange potentials.

Fig. 1 is a plot of the direct and ex-
change parts of the Hamiltonian in the adi-
abatic limit. The exchange part of the po-
tentials of 1S0 and 3S1 states are repulsive
in the short range. The exchange potential
of the 1S0 state is completely repulsive and
that of the 3S1 state shows a small attrac-
tion in the intermediate range. There is a
substantial repulsive contribution to the adia-
batic potential at short range both to the sin-
glet and triplet S states from the color mag-
netic exchange terms which is consistent with
the established results [3, 5, 6]. It should
be noted that the color electric term does
not contribute to the N-N interaction. Since
the radial matrix elements are the same for
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b αS W ac mq mπ f2
q

(fm) (MeV fm3) (MeV fm−2) (MeV) (MeV)
0.6 0.713 67.67 40.5 300.0 140.0 12.6

TABLE I: List of parameters

FIG. 2: Adiabatic potential for the singlet and
triplet states.

2(0s)3 configuration and for the (0S)6 config-
uration, the energy difference between 2(0s)3

and (0S)6 configuration must come from the
expectation value of λi.λj . But, the expec-
tation value of the λi.λj depends only on the
number of quarks. Hence, the color electric el-
ements of the OGEP, III and the confinement
term do not contribute N-N adiabatic poten-
tial. For the color magnetic part the expecta-
tion value of λi.λjσi.σj for the 2(0s)3 config-
uration and for the (0S)6 configuration does

not vanish and the color magnetic part pro-
vides short range repulsion[3].

The first term in the III interaction (Eq.
(2)) due to the antisymmetrization operator
gives direct and exchange interaction and cor-
responds to the color singlet exchange. The
adiabatic potential due to the color singlet is
attractive in the short range. The entire re-
sult of the work is summarized in Fig. 2 which
gives the plot of the adiabatic N-N potential
with and without OPEP. In the presence of
OPEP, attraction in the intermediate range
for 1S0 state vanishes. The short range repul-
sion is larger for singlet state than the triplet
state. This difference is entirely due to the
color magnetic part of the OGEP and III.
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